Several recent studieshave found markedlyincreasedrates of schizophreniaamong West Indian immigrants to the UK. Almost exclusively, authors have sought psychosocial explanationsfor these findings.This paperhypothesisesthat environmentalcauses,notably obstetriccomplicationsand perinatalinfections,providemore plausibleaetiologicalmodels, especially for the raised rates of schizophreniaamong second-generationWest Indian immigrants.
Health Organization, 1978) and DSM-III (American Psychiatric Association, 1980) . Whichever diagnostic system was employed, West Indian rates were raised by a factor of greater than 10.
Clearly, the conclusion that immigration and the consequences thereof are responsible for these raised rates of schizophrenia in West Indian immigrants hinges on the assumption that the incidence of schizophrenia in natives of the Caribbean is similar to that in natives of the UK. The International Pilot Study of Schizophrenia concluded that schizophrenia occurred with similar frequencies in each of the ten countries studied (Sartorius et a!, 1986; Jablensky & Sartorius, 1988; Flaherty & Hoskinson, 1989 ). This conclusion has been hotly disputed: in fact there were notable differences in rates between the different centres (Torrey, 1987a,b) and many patients in the developing countries may have been diagnosed schizophrenic while they were suffering from acute schizophreniform psychoses (Stevens, 1987; Stevens & Wyatt, 1987) . Whether schizophrenia does in fact have a similar worldwide incidence remains an open question, and there is a dearth of information on rates of schizophrenia in the Caribbean. The two published studies are those of Royes (1962) and Burke (1974) , who found total population annual incidence rates of 1.5 and 2.7 per 10000 respectively in Jamaica. These rates were based upon first admissions, the authors made most of the diagnoses personally, without recourse to standardised criteria, and service factors made it unlikely that all patients Over more than 50 years, immigrant groups in many countries have been found to suffer higher rates of schizophrenia than the native-born populations. These fmdings have been ascribed, almost universally, to adverse psychosocial factors, which are deemed to render immigrants more vulnerable to the development, or to the diagnosis, of schizophrenia and other serious psychotic illnesses. Such hypotheses have gone relatively unchallenged, despite a lack of significant supporting evidence. This paper seeks to examine some alternative hypotheses, of a biological rather than a psychosocial nature, which might contribute to these higher rates of schizophrenia in immigrant populations, notably in Afro-Caribbean immigrants to the UK.
The relationshipbetween immigration and schizophrenia
In 1932, Odegaard demonstrated higher rates of schizophrenia in Norwegians who had emigrated to Minnesota. The rates exceeded those of the native population and of non-migrant Norwegians. Although such findings do not apply to all immigrant groups (Murphy, 1977; Halldin, 1985) , they have been replicated in the great majority of such studies. During the last decade, strikingly elevated rates of schizophrenia have been found consistently in West Indian immigrants to the UK (Carpenter & Brockington, 1980; Dean et al, 1981; Littlewood & Lipsedge, 1981; McGovern & Cope, 1987; Cochrane & Bal, 1987 , 1989 Harrison et al, 1988) . In these studies, the ratio of West Indians to white natives of the UK with schizophrenia has varied between 2.4 and 17, with a mean of about 5. It is particularly noteworthy that these elevated rates are not confined to first-generation immigrants -there are even higher rates among second-generation populations, that is, those of West Indian extraction who were born in with a schizophrenic illness would have been admitted to hospital. Such problems bedevil many incidence studies of schizophrenia, particularly in developing countries (Torrey, 1987a 
Psychosocialtheories
With only a few exceptions (Harrison et al, 1988; Glover, 1989b) ,explanations for immigrants' increased susceptibility to schizophrenia have been formulated almost exclusively in psychosocial terms (e.g. Morrison, 1973; London, 1986; Leff, 1988;  Westermeyer, 1988). The more popular of such explanations have long included the selectivemigration of pre-schizophrenic individuals and the effect of the stress of migration itself. More recently, emphasis has been placed on the possibility of misdiagnosis, in that native psychiatrists may be more likely to make a diagnosis of schizophrenia in patients from different ethnic and cultural origins (Littlewood & Lipsedge, 1981; Cochrane & Bal, 1987; McGovern & Cope, 1987) . Even though the cross-cultural validity of psychiatric rating scales can be questioned, it is difficult to understand how misdiagnosis could have accounted for the findings in the study (described above) by Harrison et al (1988) . Another recent theory has centred on racial discrimination, with its resultant social disadvantages, as being the major predisposing factor (McGovern & Cope, 1987; Littlewood & Lipsedge, 1988) .
As yet, definitive evidence has not been produced to support these postulations. Indeed, while it is generally accepted that the course of schizophrenia can be influenced by family and social factors, there is a general dearth of evidence that psychosocial stress or disadvantage is of primary aetiological significance in schizophrenia (Hare, 1987; Leff, 1987) .For example, adverse, independent life events seem to be no more common before the onset of schizophrenia than they are in control subjects (Jacobs & Myers, 1976 
Biologicalhypotheses
While psychosocial theories of aetiology have not been substantiated, some growing support has accrued for biological hypotheses. Evidence for biological aetiologies, reviewed by Kendell (1988) and by Kerwin (1989), includes that from post-mortem studies and from studies using computerised tomo graphy (CT) or positron emission tomography (PET). Three of the possible biological causes are discussed below.
(a) Viruses and other infectious agents
The evidence for a viral aetiology of schizophrenia, reviewed by King & Cooper (1989) , has been researched using both direct and epidemiological methods. Although King et al(1985) found reduced levels of cerebrospinal fluid immunoglobulins in schizophrenic patients, other studies using direct methods have not detected such differences between schizophrenics and control subjects (Roos eta!, 1985; Shrikhande et a!, 1985; DeLisi et a!, 1986) . If the proposed infection occurred in very early life, however, one can perhaps learn relatively little from such studies on adult schizophrenics, unless these infections had led to lifelong immunological dysfunction.
There is suggestive epidemiological evidence of a viral aetiology from several sources. The consistent excess of winter-born schizophrenics in both the northern and southern hemispheres (Kendell, 1988) has often been linked to the seasonal fluctuations of infectious diseases. It is of note that the excess of winter-born schizophrenics may be less striking in rural than in urban areas (Machon et a!, 1987) ; schizophrenia has been found to be rare in populations who are remote from industrialised society, and who are thus presumably less likely to be exposed to the common infectious diseases (Torrey et a!, 1974) , although this finding has not been replicated elsewhere (Ben-Tovim & Cushnie, 1986) . Hare (1979 Hare ( , 1986 has drawn attention to the possibility that schizophrenia is a relatively recent illness, the prognosis of which is improving, and he has likened this picture to that of an infectious disease.
Other epidemiological studies have investigated the temporal relationship between outbreaks of in fectious diseases and the birth dates of schizophrenics. Watson et a! (1984) found the winter-born seasonality effect was at its greatest in the years directly following high levels of infectious diseases, notably diptheria, pneumonia, and influenza. from intrauterine infections if they are unprotected by maternal antibodies to viruses to which the mother had not been previously exposed. He draws parallels with the increased rates of autism among the offspring of urban-born immigrants in Sweden (Gillberg eta!, 1987) . It is even possible that a similar cause may underlie the higher levels of severe mental handicap in the children of immigrants (Akinsola & Fryers, 1986) . Clearly, impaired intrauterine immunity could not account for increased rates of schizo phrenia in first-generation immigrants. King & Cooper (1989) have suggested that perinatal infection might lead to an immunological dysfunction, and that adult illness may be triggered by exposure to the same, or to a similar pathogen.
The same mechanism has been proposed in the aetiology of multiple sclerosis (Batchelor, 1985; Alvord eta!, 1987) . Indeed, Stevens (1988) has drawn attention to several epidemiological parallels between schizophrenia and multiple sclerosis. It is interesting to note that multiple sclerosis is significantly more common in white than in black racial groups (Kurtzke, 1983; Lowis, 1988) . Is it possible that a similar process of immunological dysfunction following infection could be more likely to lead to multiple sclerosis in Europeans and more likely to lead to schizophrenia in West Indians? Such speculation does not, however, throw light on possible reasons for increased rates of schizophrenia in first-generation immigrants, unless one hypo thesises that the viruses encountered by West Indians in the UK are somehow more virulent in triggering secondary immunological dysfunction than are those prevalent in the Caribbean.
(b) Obstetric complications
There is now evidence from several sources that obstetric complications are significantly associated with the subsequent development of schizophrenia Afro-Caribbean babies were two to three times more likely than European babies to be of very low birthweight (i.e. less than 1500 g), and stillborn babies weighing less than 1500 g were less common in West Indians (Terry et a!, 1987) . Both studies found that, despite these increased rates of very low birthweight, neonatal survival was actually higher among West Indian babies. North & MacDonald (1977) have also found, in Pennsylvania, that black infants of low birthweight were more likely to survive than were white infants of comparable weight. In this context, it is noteworthy that schizophrenics tend to be of lighter birthweight than healthy siblings (Lane & Albee, 1966) and that in monozygotic twins discordant for schizophrenia, the affected twin is more often the lighter of the two (Stabenau & Pollin, 1967) . Is it possible that an enhanced survival rate could contribute significantly to the greater risk of subsequent schizophrenia among second-generation EAGLES West Indian immigrants, given that their European counterparts of low birthweight are more likely to be stillborn or to die in the neonatal period?
The same hypothesis would not explain an excess of schizophrenia among first-generation West Indian immigrants. Indeed, the perinatal death rate in the Caribbean, from 1964 to 1966, was about five times higher than that in the UK (World Health Organization, 1968) . It may be that these high perinatal mortality rates in the Caribbean, and in other developing countries, actually protect against elevated rates of schizophrenia. However, as remarked above, it remains an open question as to whether indigenous rates of schizophrenia are in fact 
(c) Genetic mutations
The evidence that genetic mutations may play a significant role in the aetiology of schizophrenia is less persuasive than that relating to obstetric complications or to infectious agents. Genetic mutations, arising at oogenesis or spermatogenesis, or both, are more likely among the offspring of older parents, and Dalen (1988) maintained that increased maternal age at the time of schizophrenics' births is well established, although this finding has been disputed (Malama eta!, 1988) . Hare & Moran (1979) found that older maternal age was explicable in terms of older paternal age, and concluded that the most plausible explanation was that of a constitutional parental trait leading to delayed marriage. In this light, it becomes more important to consider birth order, in that schizo phrenics should be born later in a sibship than would be expected by chance. Birtchnell (1971 ), Hare & Moran (1979 ), and Malama et a! (1988 did not establish such a relationship, although it had been found in the earlier studies of Schooler (1961) in females, and by Granville-Grossman (1966) in males but not in females.
The other proposed parallel with chromosomal abnormalities is that of the season-of-birth effect. Down's syndrome and Klinefelter's syndrome do tend to show birth seasonality fluctuations (Harlap, 1974; Jongbloet et a!, 1982; Videbeck & Nielsen, 1984) , but the patterns tend to be inconsistent and not all studies find such fluctuations (Iselius & Lindsten, 1986) . Explanatory hypotheses to explain these fluctuations have invoked hormonal (Janerich & Jacobsen, 1977) and cimatological variables (Jongbloet, 1971) . Crow (1987) however, it is of interest to note that international immigration to Australia appeared to delay marriage and to have a disruptive effect on fertility, leading to a delay in childbirth (Carlson, 1985) . One cannot assume, of course, that a similar pattern to that in immigrants to Australia pertains among West Indian immigrants in the UK. One would have to hypo thesise, in addition, that a mutagenic factor was acting more powerfully among West Indians than among other immigrant groups, and any such theory could apply only to second-generation immigrants.
Conclusions
At present, one can but generate hypotheses to explain the high rates of schizophrenia among West Indian immigrantsto the UK. As discussed above, there is some circumstantial evidence for suspecting that obstetric complications or infectious agents may be implicated. The evidence is much more suggestive for second-generation than for first-generation immigrants. Certain testable hypotheses can be generated, if one postulates that the high West Indian rates of schizophrenia are environmentally determined and are hence more likely to be typical of sporadic than of familial schizophrenia. Compared with white UK born schizophrenics, second-generation West Indian schizophrenics would: (a) be less likely to have a family history of schizophrenia, (b) be more likely to have a history of obstetric complications, (c) be more likely to have evidence of neurodevelopmental disorders, (d) be more likely to show abnormalities on brain imaging, and (e) have a greater excess of winter births. It would be important in such studies to control carefully for possible intervening variables such as age, sex, social class, and educational status. Such hypotheses operate under the assumption that base rates of schizophrenia are similar in the UK and in the Caribbean. This assumption is also worthy of urgent exploration.
Finally, while this paper has generated some biological hypotheses about the increased rates of schizophrenia in West Indian immigrants, it has not focused on other immigrant groups whose rates of schizophrenia accord much more closely with those of the indigenous population of the UK. These differences remain puzzling, whether they are considered from a biological or from a psychosocial perspective. HARLAP, 5. (1974) Psychological MedIcine, 19, 683â€"696. 
